ABSTRACT
INTRODUCTION

17
Chloride penetration prediction is necessary or convenient during the project and ex-18 ploitation phases of reinforced or pre-stressed concrete structures exposed to salt laden en-19 vironments, in order to assess the full or residual service-life time of the structure in relation 20 to steel reinforcement corrosion. 
78
PROPOSED MODEL
79
Chloride transport is described by mass balance equation (2) and diffusion equation (3).
80
A constant D value is assumed. ∂c(x, t) ∂t
Initial condition is represented by: 
Where J is a constant. The second boundary condition states that far enough from the 96 surface chloride has not yet arrived, and it is expressed as:
This boundary condition was also assumed in (1). Equations (2) and (3) with initial and 99 boundary conditions (4), (5), and (6) are solved using the Laplace transform technique (see 100 appendix) yielding the solution:
102 Substituting x = 0 in (7) the surface concentration is obtained:
The absorbed amount of chlorides m (kgCl − /m 2 surf ace) for the proposed model is given
105
by (see appendix):
Calculated profiles from both models (1) and (7) are compared in Figure 1 . Selected values 108 for these plots are: D = 10 −12 m 2 /s, C S = 10kg/m 3 , J = 10 −9 kg/(m 2 s), and C 0 = 0kg/m 3 .
109
Surface concentration and absorbed amount of chlorides are also compared for both models 110 in Figure 2 .
111
EXPERIMENTAL
112
Concrete cores extracted from the Alacant harbour were studied (Viqueira 2009 asterisks.
141
The presence of peaks can be observed in the experimental profiles of Figs. 3 to 7.
142
Neither model (1) nor model (7) can predict the presence of peaks in the profiles (see Figure take into account all the physical phenomena involved in the chloride transport process.
In an atmospherical exposure, wetting and drying cycles can occur near the surface and (1) and (7) do not take into account 156 convective processes and they fail describing the profiles in the convective zone.
157
The experimental value of the chloride mean fluxJ has been calculated as:
The integration in last equation has been done with the trapezoidal rule and all the data 160 points of the experimental profiles have been used. A negligible amount of chloride is ex-161 pected to be in the concrete when it was fabricated, and thus a value of C 0 = 0kg/m 3 has 162 been assumed in all cases. Table 3 shows the calculated chloride mean fluxesJ. It is inter-163 esting to note in Table 3 
Thus for the classical model (1) is expected a mean flux as:
I. e., mean flux decreasing proportional to t −1/2 , while for the proposed model (7) a con-170 stant J is expected. Values of Table 3 are less discordant with the proposed model (7) 
186
Classical model (1) states that surface concentration C S is constant. This point cannot 187 be checked directly from the experimental profiles due to the presence of peaks.
188
Experimental data have been fitted to models (1) and (7) in order to obtain their param- The fit is done by looking for the parameters values that minimize the standard deviation 191 defined in Equation (13), i. e. minimizing the mean difference between experimental and 192 calculated profiles.
Here n is the number of data points in the fitting, C Table 4 for the classical error function model (1), and in Table 5 for the proposed 
203
Good correlation coefficients are found in Table 4 and Table 5 . Fitted curves for 13 years 
209
An interesting point observed in Table 4 and 
220
An increase of surface concentration C S with time can be observed in Table 4 predicted by the proposed model (7).
232
In order to evaluate the predictive capacity of both models, they have been used to 233 predict chloride profiles at 20 years exposure time from the measured profiles at 13 years.
234
Parameters values obtained fitting chloride profiles at 13 years (2 nd and 3 rd columns in Table   235 4 and Table 5 ) have been introduced into equations (1) and (7) in order to predict chloride that both models underestimate chloride concentrations. Nevertheless, differences between 242 experimental and predicted profiles are lower when the proposed model (7) is used.
243
In order to get a parameter representing the predictive capacity of the models, the fol-244 lowing has been calculated:
246
Where:
Here C exp is the experimental profile at 20 years, and C calc is the predicted profile with the Table 6 .
255 Table 6 shows α values in the range 18% to 58%. Thus the predictive capacity of both 256 models is not very bad, but it can not be considered good. It is worth noting that the 257 proposed model (7) yields slightly lower α values, i. e. the model (7) has a slightly better 258 predictive capacity than model (1). the experimental profile at time t 2 (asterisks). In Figure 9A t 1 = 0.5year and t 2 = 3year.
277
The large difference between asterisks and solid line shows a strong fail in the prediction of and J between 0.5 and 3 years, see Figure 8 . In Figure 9B is due to diffusion with a constant diffusion coefficient, i. e. Equation (3) substituted in 308 Equation (2).
The following initial and boundary conditions are applied:
316
These equations state that the flux is constant at surface (equation (20)), and that initial
317
(background) concentration and concentration far enough from surface are equal to C 0 .
318
The Laplace transform method is used in order to solve (17) subjected to (18), (19), and
Substituting here the initial condition (18) and rearranging:
In order to solve differential equation (22) the following homogeneous equation must be 324 solved first:
Solution of (23) is:
328
Where k 1 and k 2 are integration constants. The solution of the inhomogeneous equation
329
(22) is then:
Where u 1 (x) and u 2 (x) are given by the system:
333
Solving and integrating (26) the folloeing expressions are obtained:
Now Laplace transform is applied to boundary condition (19):
The only way to accomplish this is making k 2 = 0 in (28), yielding:
In order to get the other integration constant k 1 the Laplace transform is applied to the 342 last boundary condition (20):
The derivative of (30) is:
Substituting (32) in (31) and rearranging k 1 is obtained:
348
And substituting it in (30):
Finally the inverse Laplace transform is applied to get the desired expression:
It is interesting to determine surface concentration. Making x = 0 in (35) surface con-353 centration is obtained:
The absorbed amount of substance is given by:
Applying here the Laplace transform and taking into account (34): 
470
Only available in spanish. 
Function
Laplace transform
s −3/2 e −a √ s 
